
Alterna(ve	  Earths	  
Explaining	  Persistent	  Inhabita(on	  on	  a	  Dynamic	  Early	  Earth	  

A	  Mission	  to	  Early	  Earth	  



For	  billions	  of	  years	  Earth	  was	  teeming	  
with	  simple	  prokaryo(c	  and	  early	  
complex	  life,	  constantly	  at	  work	  
reshaping	  the	  chemistry	  of	  the	  oceans	  
and	  atmosphere.	  These	  records	  may	  
provide	  the	  most	  prac(cal	  templates	  for	  
cul(va(ng	  a	  ‘search	  engine’	  for	  life	  
beyond	  the	  Earth.	  
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The	  early	  deep	  ocean	  



Lyons	  et	  al.	  (2014)	  

Evolving	  redox	  in	  ocean	  and	  atmosphere	  and	  co-‐evolving	  life	  
now	  viewed	  with	  far	  more	  structure:	  this	  is	  our	  star(ng	  point	  



(Par(n	  et	  al.	  (2013)	  

Uranium	  
	  in	  shales	  



Anoxic:	  a	  minimum	  of	  ~30-‐40%	  of	  the	  seafloor	  and	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  poten(ally	  much	  more.	  	  
Euxinic:	  less	  than	  ~1-‐10%	  of	  the	  seafloor	  area.	  
	  
Es(mate	  of	  globally	  averaged	  [Mo]sw:	  ~10	  nM,	  biologically	  
limi(ng?	  	  

Reinhard	  et	  al.	  (2013)	  



Planavsky	  et	  al.	  (2014)	  



Lyons	  et	  al.	  (2014)	  

The	  goal:	  a	  comprehensive,	  systema(c,	  
interdisciplinary	  deconstruc(on	  of	  early	  Earth	  that	  

yields	  a	  theore(cal	  reconstruc(on	  	  
of	  the	  coeval	  atmosphere.	  



Stephanie	  Olson,	  Lee	  Kump,	  and	  Jim	  Kas(ng	  



Cawood	  et	  al.	  (2013)	  

Origins	  of	  Con(nents	  and	  Plate	  Tectonics	  
(nutrient	  recycling,	  C	  burial,	  CO2	  cycling,	  etc.)	  



Alterna(ve	  Earths	  



How	  has	  Earth	  remained	  persistently	  inhabited	  
through	  most	  of	  its	  dynamic	  history,	  and	  how	  did	  
those	  varying	  states	  of	  inhabita<on	  manifest	  in	  
the	  atmosphere?	  
	  
	  Research	  Context:	  What	  would	  Earth	  look	  like	  if	  analyzed	  remotely	  
over	  its	  long	  history?	  What	  informa(on	  about	  the	  tectonic,	  bio(c,	  
and	  extra-‐planetary	  processes	  that	  combined	  to	  sustain	  Earth’s	  
dynamic	  habitability	  over	  billions	  of	  years	  can	  we	  glean	  from	  
snapshots	  of	  our	  evolving	  planet?	  	  
	  
Earth’s	  rock	  record	  provides	  a	  array	  of	  diverse	  windows	  into	  past	  
states	  of	  inhabita(on—what	  we	  can	  think	  of	  as	  ‘Alterna(ve	  
Earths.’	  
	  



ALTERNATIVE	  EARTH	  1	  |	  Atmospheric	  Traces	  of	  Oxygenic	  Photosynthesis	  
mid-‐late	  Archean	  |	  3.2	  to	  2.4	  billion	  years	  ago	  
	  
ALTERNATIVE	  EARTH	  2	  |	  Drama<c	  Oxygen	  Fluctua<ons	  	  
mid-‐Paleoproterozoic	  |	  roughly	  2.3	  to	  2.0	  billion	  years	  ago	  
	  
ALTERNATIVE	  EARTH	  3	  |	  Oxygen	  Stasis	  and	  the	  Rise	  of	  Eukaryotes	  and	  Metazoans	  
mid-‐Proterozoic	  |	  1.9	  to	  0.7	  billion	  years	  ago	  

And	  mul(ple	  other	  ‘Earths’	  and	  transi(ons:	  	  
known,	  predicted,	  and	  unknown	  



Research	  Plan:	  To	  characterize	  Earth’s	  early	  oxygen	  history,	  its	  atmospheric	  
evolu(on	  more	  generally,	  and	  the	  coupled	  drivers	  and	  consequences	  of	  this	  
record	  through	  laboratory	  experiments	  and	  analysis	  of	  rock	  samples	  collected	  all	  
over	  the	  world—emphasizing	  new	  and	  refined	  proxy	  approaches.	  
	  
Inves(ga(ons	  will	  be	  coordinated	  among	  four	  interac(ve	  Working	  Groups:	  

	  
Redox	  Tracers	  —	  chemical	  signatures	  of	  habitability	  
Earth-‐Life	  Interface	  —	  biomarkers,	  fossils,	  ‘omics’,	  evolving	  life	  
Tectonic	  Drivers	  —	  large-‐scale	  controls	  on	  environmental	  change	  
Earth	  System	  Synthesis	  —	  modeled	  atmospheres	  

	  





3	  	  

3	  l	  Tectonic	  Drivers	  

4	  l	  Earth	  System	  Synthesis	  
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19	  scien(sts	  from	  11	  ins(tu(ons,	  including	  three	  interna(onal	  collaborators	  	  
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Through	  Time	  



Large	  number	  of	  early	  to	  early-‐mid	  career	  scien(sts	  


